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1 IOP/VCS Operation 

1.1 System Concept 

The computer system consists of four computers and four P/O 
buses that interface with local processors of external subsystems. 
computers are interconnected for special 1/0 functions to achieve a Fail 
Op-Fail Op-Fail Safe (FOOS) computer system as shown in Figure 1. Each 
computer contains a connection to one of the four external 11'0 buses in 
the system. . In addition, each computer contains four interconnections: 
three receive channels, one from each of the other computers, and one out- 
put channel to all the other computers; it is via these connections that the 
voter-comparator-switch (VCS) concept is mechanized. 

These 

The VCS function is deeply interrelated to the IOP in the com- 
puter. However, it is depicted as a unique module in Figure 2 where the 
interconnection is shown in greater detail. The VCS concept enables the 
computer system to be operated in a variety of modes: Four-way voting (all 
four computers doing the same job, with one or more of the VCS' voting on 
the 1/0 information), three-way voting with the other computer doing a dif- 
ferent job, two-way comparison with the other two computers also in compari- 
son or doing distinct jobs, and four non-redundant computers. 
under the control of the executive system which is distributed among all 
the computers. The executive is redundant, in a distributed sense, to satisfy 
the FOOS requirement. 
changed under software control by changing the mode of the system. 

The mode is 

The level of redundancy of the computations may be 

The four computers each operate on its own independent clock. 
Redundant data operated on by the VCS is required to be in synchronization 
within a specified tolerance; this data is not required to be in bit sync. 
The computer system, by a combination of hardware and software, is self- 
reconfigurable and is capable of withstanding any three failures in a FOOS 
manner. 

1.2 VCS Architecture 

The VCS device is capable of operating on redundant data in a 
majority voting or a comparison mode, thereby performing a redundancy re- 
duction of either 4:1, 3:1, or 2:1, or it may operate on non-redundant data, 
The device is adaptive in that it may be switched into different modes. The 
device is also adaptive to failures in the computer system by means of 
adaptive majority logic. 

The diagram indicating the basic architecture of the VCS device 
and the interface between the VCS and IOP is shown in Figure 3. 
device outputs on the 1/0 bus to the external subsystems; it has as inputs, 
the outputs of the four 1/0 processor sections of the four computers. 
shown, these inputs to the VCS may be used by the voting, comparison, or 
selector logic. 
unit of the VCS, 

The VCS 

As 

The block containing this logic is directed by the control 



e 
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The control unit operates on the principle of adaptive majority 
lbgic, Its function is to control the mode of the voter comparator selector 
logic block and to decide which computers are failed or non-failed. 
control unit implements its functions by means of a P matrix and a R matrix. 
Tlae P matrix (4 x 4) contains one computer'sfailure status opinion of another 
computer and the majority decision of the failure status of each computer. 
Essentially this matrix contains the failure status of the computer system. 
The failure status decision on an individual computer is derived from the 
other computers' failure opinion and the go-no go self test results from the 
built-in test equipment in each computer. 
the basis of adaptive majority logic. 

The 

The decisions are arrived at on 

The R matrix of the control unit represents the desired mode of 
operation (four-way voter, three-way voter two-way comparator, or selector). 
It operates under a majority decision rule as to the selection of the mode. 
Further, it is adaptive in that the P matrix is used to determine which 
computers are failed and should be ignored in the R matrix. 
matrices are set by commands received from the 1/0 processors. 

The P and R 

Since the four computers are not operated in bit sync when in the 
voting or comparison modes, a set of buffer shift registers are provided 
in the VCS to provide bit synchronous data to the voter comparator selector 
logic. The registers allow for a 2 112 word time out of sync operation. 
The I/Q bus to the external subsystems is a continuous loop providing the 
ability to monitor outputs of the computer on to the bus by echo check 
techniques of monitoring the inputs from the bus, 
device determines the destination of all input data received over the 110 
bus by the VCS. This routing logic also determines which 110 processors are 
to receive copies of the input data from the external subsystems (e.g.) in a 
three-way voting mode input data will be distributed to three 110 processors). 

Routing logic in the VCS 

1 . 3  IOP Architecture 

The Input/Output processor (IOP) functions as an independent pro- 
cessor operating under a stored program in memory and capable of interfacing 
with the internal memory directly via the memory bus. 
basic functions of the IOP is given in Figure 4 .  
with the IQP in Figure 4 since it is so closely interrelated. 
functions may be classified into three different types: 

A block diagram of the 
The VCS function is included 

The input/output 

A. 
B, 
C, Type 3 - for computer-to-parallel channel communication 

Type 1 - for computer-to-computer communication 
Type 2 - for computer-to-external subsystem communication 

Type 1 channel communications are bit serial-word serial. The 
channels are completely independent so that the IOP may be simultaneously 
receiving information from three other IOPs and sending information to these 
IOPs on its Type l output channel. 
channels may contain data or commands. 
destined for the IOP or the VCS. 
Type 1 channel may originate from the IOP or the VCS. 

The information sent over the Type 1 
Further, the information may be 

Proper addresses 
Likewise, the information sent out on the 

2- 4 
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accompany messages over the Type 1 channels that allow the information to be 
routed to the proper computer and the appropriate parts of the POP and VCS, 

Type 2 channel communications are also bit serial-word serial, The 
Type 2 channel interfaces with the 1/0 bus that connects to the various 
external subsystems. The use of the Type 2 channel is completely under 
control of the IOP; external subsystems may only communicate with the IOP and 
only after being commanded to do so by the IOP. 
interrelated to the VCS function as described in Section 1.2, 

The Type 2 channel Ps closely 

In addition to these serial channels, the IOP contains a parallel 
1/0 channel (16-bit) shown as the Type 3 channel. This channel is used for 
communication to devices requiring rapid data transfer (250,000 words/sec) with 
the computer system such as the mass storage system and the data management 
system. The channel operates under external contfol only, i.e., the IOP 
does not initiate data transfers over this channel, 
included in the FOOS requirement. 

The Type 3 channel is not 

The IOP is set into operation by the decoding of a command and/or 
a control word. 
accessed according to the command program counter in the IOP. Control words 
are also stored in the memory and are also received from other computers in 
the system over the inter-computer (Type 1) bus. 
any other software program. Control words are executed only when specified 
by a command or when a control word is received over the inter-computer bus. 

The commands are stored in the computer memory and are 

Commands are executed as in 

The IOP is capable of executing the following commands: 

1. Halt and proceed 
2 .  Jump 
3. Conditional skip 
4. Fetch control word 

Figure 5 indicates a typical layout of the IOP program. The operation of the 
fetch control word can be seen to mechanize data transfer operations initiated 
by the IOP. Each fetch control word instruction contains an address that 
points to the location of a control word. The control word contains infoma- 
tion that describes the type of operation to be performed (e.g., input from 
local processors, output to another computer, etc.). Following each control 
word is an address that points to the location of a data block. The data 
block is the location into which input/output data is to be placed or sent from. 

Control words may also be received from another computer over the 

These include not only 
Type 1 1/0 channels. 
complete set of IOP information transfer operations. 
data transfer between computers and between computers and external sub- 
systems, but also between computers and the VCS devices. 

The internal and external control words mechanize the 

2-- 7 



IOP Program 

Fetch (CW) - 
Fetch (CW) (Data Address) 

(Data Address) 

Figure 5. IOP Program Operation 

A real t i m e  counter i s  included i n  the IOP t o  provide a repe t i t ive  
t i m e  period reference fo r  IOP and CPU program synchronization. The counter 
i s  counted down t o  zero from a set value a t  the logic  clock rate. A t  zero, 
the counter issues an interrupt  t o  the  CPU and IOP mode controls,  resets 
i t s e l f  and starts counting down again. The length of the t i m e  period is  
reprogrammable. 

The VCS device const i tutes  the primary means of f a i lu re  detection 
i n  the computer system since an erroneous input t o  the voter may be readily 
detected. In addition, each computer contains se l f  tes t  capabili ty tha t  
provides autonomous f a i lu re  detection t o  a specified confidence level; t h i s  
capabi l i ty  i s  used to  a id  the computer system fa i lu re  reconfiguration opera- 
tions. The 
IOP contains some of t h i s  hardware i n  the form of the BITE Counter. This 
counter operates such that  i f  i t  i s  not reset periodically,  i t  w i l l  reach 
a zero count and issue a computer f a i lu re  signal. 
by accessing a dedicated location i n  memory and loading the binary value found 
therein in to  the counter and zeroing t h i s  location a f t e r  access. It is the 
CPU‘s responsibi l i ty  t o  reload t h i s  location t o  keep the counter reset. 

The se l f  test i s  a combination of hardwarelsoftware techniques. 

The counter w i l l  be reset 

2 - 8  



l e d ,  IOP/System Operation 

The computer system may be operated in a variety of redundancy 
modes, 
This hardware is set up and controlled by software executive control in the 
computer system. This executive is distributed among the four computers 
with the VCS hardware acting upon the software control by an adaptive majority 
rule, Hard core software failures are eliminated by this design approach. 
The VCS is designed such that the condition of its operating state and the 
results of voting/comparison processes may be interrogated by the executive 
program. 

The modes are implemented by the hardware design features in the VCS. 

In a redundant operating mode, the data presented to the VCS must 
be in sync to within a word time. 
the clocks, machine errors (eogos parity), and other events, the IOP's perform 
a re-synchronizing operation after a specified number of 1/0 cycles. 
re-synchronizing is accomplished primarily by hardware contained in the POP, 
When re-synchronization is ,about to take place, the IOP's send a Master 
Sync Control Word to each other over the Type 1 1/0 channels. Special hard- 
ware times the receipt of the control words, detects any computer clock 
failures by determining if one has drifted out of tolerance with respect 
to the majority, and determines the time of synchronization. The method of 
synchronization eliminates a hard core clocking system. 

To compensate for factors such as drift in 

This 

A description of the 1/0 process for outputting data to the external 
subsystems when operating in a three-way voting mode is shown in Figure 6 .  
Computers 1, 2, and 3 are shown as operating in a voting mode, computer 4 
could be performing another task or in a failed state. 
threee copies of the message and transmits the majority on the bus. 
taneously, the IOP's of computers 1, 2, and 3 monitor the transmitted message 
by the "loop around" design of the bus. This monitoring process consists of 
comparing the information sent to the VCS with that transmitted on the buss, 
any discrepancies are noted, and a "go" "no-go" code is sent to the VCS by 
each IOP at the end of the monitoring process. 
"go/no-go" opinion would be transmitted on the bus, The IOP's also monitor 
the go/no-go code transmitted on the bus to determine if they are in agree- 
ment with the majority. 
capabilities in case of a majority no-go opinion. 
go/no-go code, the IOP's either proceed to the next message or re-transmit 
the last message. 
VCS, if three successive transmissions fail, the IOP's then switch over to a 
new VCS. Three successive transmission failures with the new VCS will result 
in the IOP's proceeding on to the next message in the IOP sequence. The IOP 
also stores status words at the end of each message which indicate the occur- 
rence of any errors or retries in the transmission process. 

The VCS receives 
Simul- 

Once again the majority 

The IOP's contain automatic message re-transmission 
Based on the monitored 

This re-transmission is attempted twice with the same 

Figure 7 indicates the process of inputting data from external 
subsystems f o r  the same mode of operation, namely, three-way voting. The 
command to input data to the computer systems is sent to the external sub- 
system in the same manner as described above for data outputs namely, over 
one bus. However, the data is sent to the computer system r multiple buses. 
Further, the data received over a bus is sent to a l l  the PO ; therefore, each 
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will receive three copies of the data sent to the computer system. 
ant see of input data received by each IOP is used in a soft- 

Preceding the transmission of data, the ware voting process by the CPU. 
external subsystem transmits an acknowledge word. 
command sent to the external subsystem (by the loop-around feature of the 
bus) and the acknowledge word before accepting the input data. 
also serves to determine if a retransmission is to be attempted. 

The IOP's all check the 

This check 
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DESCRIPTION OF XOP/VCS F 

2-1  vcs Oper t ion  and Descript%oea 

In  Section 1.2 the b tec tum and overa l l  

the  VCS (Figure 1-3) w a s  p s section presents t 

device by d~scuss ing  the contro ~oge r -compa~a to r -~  
shorn in Figure 2-1, 

2. l . l  VCS Control Unit 

The function of the VCS control un i t  is t o  connect t h  

VCS output un i t  appropriately to receive data from the four c o m p ~ t e ~ s *  
function of the control un i t  is  t o  determine which computers are good o r  bad. 

The control un i t  consists of two b a s h  functional elements: The P 

the R matrix. 
the  four computers, while the R matrix contains the desired operating 

the four computers (4V, 3V, 2C0 selector).  The P matrix i s  described below: 

The P matrix contains infomation on the good and bad state of 

A B C D 

It is seen t o  be a 4 x 4 matrix. The diagonal elements 

AB, BB, CC, DD are the prime infomation desired from the P matrix (this is 

what the R rnatrdx uses). These elements define whether a computer is good o r  

bad ( i f  AB = 1, Computer A is good). The off diagonal elements A p etc., 

ion of compute B. In general: 

are one computer's opinion of another computer, i .eep AB is computer Aps opin- 

( i , j )  = 2 's  test of j 

= 1 i f  i tests j t o  be good 

= 0 i f  i tests J t o  be bad 

me off diagonal elements (kkpj) are d i r ec t ly  input t o  the P 
computers themselves while the  d i a  
associated with the B matrix. 

2-13 
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ents w i l l  b 

t e r s  think it ie 
element w i l l  be given below, Those for 

computer "D" w i l l  be given; the equations for computers A, B 
foilow airectPy. 

The reg is te r  that contains the  "D "column of the  P m t r i x ,  AD, 
33D, CD, DD, is as shown i n  Figure 2-2. 

D (Self-Test 

DD 

storage 

fan out to other VCS's 

--4. 4 --.. - -.-- 

Figure 2-2. P 
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The OD& term represents the h p t i v e  logic  of the P matrix. T h i s  

allows the system t o  adapt or mask out failed computers from decision 
processes. 

storage since its condition cannot be l o s t  due t o  any t ransients .  
This resu l t s  since the adaptive logic can only b n d l e  s ingle  f a i lu re s  
at a t i m e  and a attempt t o  re-establish the t e  

a f t e r  more t one f a i lu re  can mt  be ant eed e 

Note tha t  the  DD f l i p  f lop  must actually be mn-vo 

The lDIk? term shows the condition wherein the set of DDe is 
accomplished a f t e r  repair  of the system, Note that U ) b  canmt_ba 

derived from the inverse of' OD&, an attempt t o  do so could cause 

the system t o  "blow up" af ter  three fa i lures ,  
the ODD@ w i l l  go f a l se  

b i t e  would have t o  be re l ied  upon from all the 

(After three 
i f  lDDe were derived 



ion of the f 

IED = DD 
6 

, reports the other 
bad, But fails should be me&% 

suppose th i s  has ened t o  coqputer A, the resul tant  co 

If this  is  the first fa i  
be set t o  1. 

on the diagonal elements of the P matrix since the  log ic  requires a 
majority opinion as explained above. 

ystem, then BA, CA and IX would 
The tenns ABp AC, AD being 0 would 

Since A i s  the bad computer, 

three are required)) once this i s  accomplished, 

it i s  up t o  c ers B, C and D t o  insert 0's i n  I48 

136. be forced t o  81 zeroo 

Mote that after two fa i lures ,  it may not be possible t o  reach a 
o r i t y  opinion i n  the  log ic  ed w i t h  the P matrix. For the 

th i rd  failure, the  SI? ed on is the self test/bite 
inaicat  ion, 

2- 17 



b) 
The output unit  of the VCS in Figure 2-3 has the capability 

or a eelector switch on th@ 
r€?giSte~6, 

Figure 2-3. Voter-Comparator-Selector 
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B C B  

A 
B 
C 

r 
1 1 1 1  
1 1 1 1  

1 1 1 1  

if  the VCS is  t o  work as a. lb input vot@r, 863: 

A B C D  

i f  the  VCS is t o  f’unction 8s a 3 input voter between c o m t e r s  A, 

B, c. 

i t y  should be 



R 
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The additional proviso pert ins  t o  S(A) and t h a t  is Ira mu&, be 
t o  the equation. The state of the R matrix must be decoded t o  

2co (AB) 
2co (ac) 
2co (AD) 
2co (E) 
2co (BD) 
X Q  (CD) 

s (a> 
s (B) 
s (c )  
s (D) 

These signals then enable the  par t icular  voter/comparator/switch and 
determine which l i nes  (computers) m e  connected. The four input voter 
block diagram is: 

2- 22 



+ ABCD 
- 0  

UDVD = a D +  ZBCi5 * Aijt;D + 
where the ts 
necessarily anded with 4V. 

C, D in the above equations 

voter becomes: 

3 



(ACD) + B,p(BCD) 
+ BBp(ABD) -+ Ce3V(ACD) + C , y ( X D )  

6 = CB3V(AW) + De3V(aBD) f De3V(ACD) + De3V(BCD) 
IH = A,2CO(AB) -+ Ae2CQ(AC) + A.a@Q(AD) + B.XO(BC) + .2CO)BD) + Ce2C0(CD) 
I = B,XO(AB) + C.xO(AC) + D,2eO(AD) + Co2CO(BC) + D.2CO(BD) + D,!XO(CD) 

and the selector  i s  switched by 
M = A.S(A) -i E S(B) + C SCC) + D s(D) 

c )  s Matrix 
The S matrix contains the e r ror  s ta tus  of input data t o  the  voting 

comparison logic  discussed above (4V, 3W, XO): 
A B C D  

i B 
C 
D I 
jI_ - -_- -- 

The S matrix is B 4 X 4 matrix, 8. 1 1: 4 mtrix is a l l  that i s  required t o  
indicate any errors i n  data from computers A, B, C or De However, t o  al low 

the computers t o  reset the m t r i x  t o  zeros the row (1 X 4) i s  repeated three 
times thereby resu l t ing  i n  a row fo r  each computer, Therefore 

1 9 3  = 2,J = 3,d = 4,1 
l , j  = any errors in data from computer j 

For computer A, J = 1 and from the above discussion, 

1, 1 = Ax 4- UDW f V ( m )  + 3V((ABD) 
(AB) + 2CO(AC) 

It can be seen tha t  i n  8 voting mode the logic will detect which computer 
disagreed with the or i ty ,  whereas i n  a comparison made the  logic w i l l  

i ts  if a discrepancy exists. 
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2 e 1 2 VCS Cornmication 
The VCS contains three matrices as described above. 

matrices may be sampled under command from the computers. 
matrPx are sent t o  the computer i f  sampled. 
matrices. However, the elements t ha t  they can set are limited: 

A 1 16 b i t s  0% the 

The computers can a l so  set  t h  

P matrix: 

R matrix: each computer can set b t s  row 
S matrix: each computer can reset i ts  row 

each computer can set  the non-diagonal elements i n  P t s  row 

2.1 e 3 VCS Mechanization 
The above discussion presented the basic philosophy o f  the VCS device, 

Figure 2-4 contains a general block diagram indicating the in te rac t ion  of the 
various elements discussed. 

be explained further.  
tion. 

one of the other computers (three are required). 

sh i f ted  in to  the input channel buffer and i s  decoded by logic i n  the  IOP. 

and information destined fo r  the VCS i s  sent i n  parallel  to  the  set of t r i p l e  
buffer r eg i s t e r s  R1, R2, and R3. It i s  sen t  t o  R1 i f  a voter or  comparator 
mode has been selected. 

present contents of R1 are transferred to  R2 and likewise the present contents 
of R2 would be transferred t o  R3. 

t i m e s  of buffering, 

The t r i p l e  buffer r eg i s t e r s  shown i n  Figure 2-4 w i l l  

Figure 2-5 contains the detailed operation o f  t h i s  sec- 

The "In Buffer" i s  pa r t  of the IOP and i s  the receive channel from 
The received information is  

Data 

When the next word is ready t o  be loaded i n t o  R1 the  

Thus R l r  R 2 p  and R g s  a c t  as three word 

R2 and R 3  a l so  are s h i f t  r eg i s t e r s  tha t  can output a serial stream 

of inSonnation to  the VCS output logic. The decision as to  when t o  begin 

sh i f t i ng  out t o  the VCS is  made by logic tha t  performs the function l i s t e d  
i n  the lower p a r t  of Figure 2-5, 

derived from the R matrix. The decision logic as t o  when to  s h i f t  out to  the 
VCS allows f o r  up t o  two word t i m e s  out of sync. 

puters good) requires tha t  the data be i n  sync within one word t i m e ,  
word t i m e  tolerance thereby does not allow a bad computer from affecting the 

normal operation (e.g., a bad computer could be one word t i m e  ahead of a good 
computer and a second good computer could be a word t i m e  behind the other good 

computer). 
other, then i t  is  automatically decided as bad by control logic i n  the VCS. 

The detailed timing and control sequence fo r  the  VCS i s  presented i n  Sectton 4. 

The control as to  which data to  output i s  

Normal operation (a l l  com- 

The two 

I f  a computer i s  grea te r  than one word t i m e  out of sync with any 
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2.2 .O IOP COP4MAITW AND C O m O L  W O R E  

e 1 Introduction 

The IOP i s  set in to  operation by the  decoding of a ccsmnand and/or a 
control word, The cannnands are stored i n  the computer memory and are 

accessed according t o  the ccrmmand program counter i n  the IOP, Control 
re also stored i n  the  memory and are a l so  received from other 

ccmputers i n  the  system over the  inter-computer bus. 
executed i n  sequence as any other software program. 
executed only when specified by a command or when a control word I s  

received over the inter-computer bus. 

Commands a re  
Control words are 

The ccmrmand and control word formats are gfven i n  Figures 2-6 

respectively. 
and 2-7 

Reference t o  these f igures  w i l l  c l a r i fy  the  follaring 
discussion 

2.2.1,l Cammands 

The IOP ccamnand l is t  i s  as follows: 

1. H a l t  and Proceed 

20 J ~ m p  
3. Conditional Skip 
4. Fetch Control Word 

.1.1.1 Halt and Proceed Camand 

The ha l t  and proceed command (HI?@ causes the  IOP t o  enter  an idle mode 
where no cmmmds are executed. 
received over the  inter-camputer bus. If the  flag b i t  i s  zero set, the  
IOP does nothing during the id le  mode. If the fhg bit i s  one set, t he  
IOP perfoms a master sync operation when the  real time c a m t e r  reaches 

a specified count. 
C 

C d when the  i d l e  mode i s  teminated. 

The IOP w i l l  respond t o  control words 

I n  e i the r  e se, when t h e  idle mode i s  entered, the 

program counter i s  set t o  a f ixed code f o r  accessing the  next 

ster sync ope s te r , sync  control 
word t o  a l l  other coanputers i n  the syst 
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t o  the IOP master sync control ler ,  
four b i t  f i e ld  i n  the master sync control 
word i s  located i n  memory a t  the  address 

s ignif icant  bits  of the HPR c 
operation consists of operating on t he  master sync control  words as 
they are received by the IOP. A detailed description of t h i a  
i s  given i n  the section on the master sync controller.  

The 

The IOP stays i n  t h e  id le  mode u n t i l  e i t he r  the r e a l  t i m e  coplllte 
or the master sync control ler  cycle start d iscre te  goes true, 
time counter interrupt  i s  used i f  the f l a g  i n  the HPR c 

and the cycle start d iscre te  i s  used if the f lag  b i t  i s  one setD 
accesses the memory according t o  the command program counters 

nd i s  aero set  

The %OP 

2.21*1.2 

The jump d 
as t h e  location of the next canmvlnd t o  be accessed. The address f i e l d  is 
placed i n  the canrmand program counter and the  memory accessede 

conrmBnd causes t h e  IOP t o  use the address f ie ld  of t h i s  c 

2 e 20 1.10 3 

The conditional skip caumand causes the IOP to branch i n  the  prag 

depending upon cer ta in  conditions. Step by step operation of %he 
i s  as f o l l m s :  

1, The counter number f ie ld  i s  used as the least 
significant b i t s  of 
i s  placed i n  the ope 

2e The cmten t s  of t h  fon are read i n t o  er 
r eg i s t e r  i n  the IOPo 

1 



4. If an overflow i s  detected: 

(a )  The 16 most s ignif icant  b i t s  of the  buffer 
reg is te r  are copied i n t o  the  16 least 
significant b i t  positions This re - in i t ia l izes  
the  counter, 

(b) The buffer reg is te r  contents are stored back i n  
the same memory location they came from, 

The camand program counter of the  IOP i s  incremented 

one count. 
(e) 

5. If no overflow i s  detected, the  f l ag  b i t  of t he  commsnd 
i s  investigated. 

6. If t he  f b i t  i s  8 zero: 

The contents of the  buffer regis ter  are placed 

back i n  the same memory location they came from, 
(a)  

(b) The command program counter i s  incremented by 

two counts0 

7. If t he  f l a g  b i t  i s  a one, t he  command program counter 

i s  incremented by two counts. 

2.2,1.1e4 Fetch Control Word Command 

The fe tch  control word c d causes the  IOP t o  place the  
f i e l d  of the  c nd i n  the operand progrwn counter. This 

i s  accessed m d  the  contents read i n t o  a storage register.  

word i s  a control word and 

t h i s  control word. 

Tbfs 
her aperation of the  IOP i s  controlled by 

. .  
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I f  the f l a g  b i t  is zero seta a l l  inp t/output buses o f  the I O  

allowed access to  the compute memory. 
the imput/output bus between the computer and the mass 

management system i s  locked out. 
synchronization during c r i t i ca l  ope 

If the . f lag  b i t  is one set, 

This is done t o  preserve progr 

After the fe tch  csntxol word command is  successfully ~ ~ c u t e d ~  the  
command program counter is  incremented by one count and the  nex 
conrmand is  accessed. 

2 e 2 P e 2 Control Words 

A l l  data going i n  o r  out o f  the  computer is controlled by the IQP 

executing control words. 

Types 1 and 2 channels and t o  input data over the Type 2 channel, the 
IOP operates according t o  control words accessed from t he  computer memory. 

To input data o r  data requests over the Type 1 channel, the  IOP operates 
according t o  control words received from an external source. 
four control words: 

To output data o r  data requests over t h e  

There are 

1, 

2. Computer t o  computer (memory) control word 
3. Computer t o  computer (IQP) control word 

4 a Acknowledge control word 

Computer t o  loca l  processor control word 

The IOP is capable of receiving a l l  control wor 

but can only or ig ina te  the f i r s t  three control words l i s t e d  above. 

The type of control word is specified by 2 

of the control word as follows: 

T y p  e 

1 %  
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o be sent t o  or requested 
frm a loca l  processor, 
follows : 

The f i e l d s  of t he  control word are defined as 

B i t  8 ;)ef i n i t i  on 
I__ 

Field 
P 

++Computer Address 4 

Tme 
Retransmit 

LP Address 

Data Location 

*Reply Buses 

Hm3er of Words 

2 
1 

5 

1 

6 

Indicates which computers 
are t o  receive the control 
word. Any combination of' 
computers way be addressed by 
set t ing the appropriS$e b i t s  
t o  ONE. 
I t e n t i f i e s  control word type. 

ONE: Message i s  t o  be sent 
again if an er ror  i s  
detected i n  the  trans- 
mi s s i  on * 

ZERO: Message i s  to 'be sent 

Ident i f ies  t h e  local  processor 
being accessed by t h e  computer. 

ONE: Wta are t o  be input t o  
the c q u t e r .  

ZEBO: DBta are t o  be output from 
the ccxt~puter~ 

Ident i f ies  t he  address of the  
first data word of the message 
i n  the l o c a l  processor memorye 
Ident i f ies  the-buses over which 
data are t o  be transmitted 
from t he  local processor t o  
the computero 

Tndicates the number of dbat 
words i n  the  messages 

once 

When the  control word i s  P i r5 t  essed Pran memory, the  f i e  
re not the codes having the  as te r i sk  i n  the  above l i s  

given In the  Befinition columne The i n i t i a l  lue of these f i e l d s  is 
dress t o  get the 

The IOP p b c e s  the  i n i  

1 codes t o  be used I n  the  control 

worde 
positions of t he  ope P, sets the upper b i t s  

code m d  accesses the  m a n  

s i n  the least s ign i f ic  

ccessed f r o m  memory c 



t rue  codes which are inserted in to  the  reg is te r  holding the control 
word, The control word i s  ready t o  be transmitted. 

This control word i s  used when data are t o  be sent between camputer 
memories over the  inter-ccmputer bus. 
are defined as follows: 

The fields of the  control word 

Field - B i t s  Definition - 

Memory Address 6 Ident i f ies  a location in t he  
memory of t he  ccmputer receiving 
the control word. 

R e t m ~  Address 4 Ident i f ies  the computer sendin@: 
the c m t r o l  word. 

Return Store Address 6 Ident i f ies  a location i n  t h e  
memory of t he  ccmputer sending 
the control word. 

Number of Words 6 Same as Para. a.P.l.2,l 

This control word i s  used when the R, P and S matrices of t he  other 
c q u t e r s  are t o  be sampled or set and when a master sync ape 

omed. The fields of the control word 

Field 
___e 

B i t s  Definition 
~ 

4 
2 
4 Ident i f ies  the  ope 

by the receivi  e 

dress 4 Ident i f ies  the 

e 

-35 



B i t s  Def’ini t i on 
v 

Field 

Return Address 4 Same as Para.2. 
Return Store Address 6 Same as Para. 2 

- 

The data address f ie ld  of t h e  control word,when read from memory, 

f o m s  the  least s ignif icant  b i t s  of the  location of t he  actual  address 

t o  be used f o r  accessing t h e  data t o  be sent. 
_ _  i 

The operation f ie ld  c d e s  are as follows: 

B i t s :  26 25 24 23 Operation 

0 0 0 0 Set R and P matrices t o  value; 
Set S matrix t o  zero. 

0 0 0 1 Set R matrix t o  value. 
0 0 1 0 Set P matrix - t o  value. 
0 0 1 1 Set S matrix t o  zero. 
0 1 0 0 Sample R, P and S matrices. 
0 1 0 1 Sample R matrixe- 
0 1 1 0 Sample’P matrix. 
0 1 1 1 Sample S matrix. 
1 0 0 0 Master Sync. 

2.2.1.2.4 Acknowledge Control Word 

The control word i s  generated by the  loca l  processors and sent t o  the 

cconputer. The control word i s  sent t o  acknowledge the  receipt of data 
by the loca l  processor o r  t o  start the transmission of data by the  loca l  
processor. The fields of t h e  control word are defined as follows: 

Field 

Reply Buses 

- 

Type 
nEbta Location 

I / O  

B i t s  Definition 
__L__ 

4 Same as Para. 

2 Same 88 Parae 
6 Same as Para. ’ 

1 

LP Address 5 SameasPam. a. 
LP s t a tus  5 Ident i f ies  the operational s t a tus  

of the local processor and er rors  
i n  data received.by the  local process0 

Number of Words 6 
Same as p a r a e  2. 
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i n  t h i s  sectione 

external VCSe 
prccessor without v&inge 
1 processor wAth vut 

e. 

f .  

ge Request dat fram another computer. 

Input data frcm local processor with voting ursing 
external  VCS. 
Input data frm local processor without voting. 

00 

a frcm another ccPnpcrt;ere 
Output requested data t o  anoth 

Output data t o  another computer. 
Set matrices i n  another canputere 

set Own matrices accomng  t o  b t a  fr 
Sample matrices i n  anather camputes. 

transmit the data t o  t h e  other camputer. 
l e  own matrices on request of another c 

ster sync ope 

7 



I n  all cases, t h e  start of an output 
of t he  fe tch  control word c 

memory and in to  the control word s tore  reg is te r  i n  the  IOP c 
control  section. The next sequential location after the  one tha t  

holds the  control word holds t h e  memory address of t he  first h t a  
word of the  message. 
t h e  buffer reg is te r  2 OR the  IOP command control f o r  Later useo 

a operation i s  the  execution 
d get t ing the  control word from 

This data word address i s  read from memory i n t o  

B i t s  20, 27 and 28 of t h e  control word reg is te r  are investigated next 

and, if set t o  a binary code of 010, t h i s  indicates'fm output data t o  
loca l  processor operation. 

are t ransferred i n t o  t h e  least s ignif icant  b i t  positions of the  operand 
program counter t:, form a memory address. 
i n t o  buffer reg is te r  1. 

B i t s  29 through 32 of the c&t ro l  word reg is te r  

This memory location is read 

This word contains three (3) four b i t  fields: 

8.  Primary cmputer address 
be Secondary colnputer address 

c. Reply buses code 

tcatos of the kpending upon the  se t t i ng  of t he  VCS switched in1 DP 

d control, e i t he r  the primary or secondary cdrmpu'ter address f ields 

are read f r an  buffer reg is te r  1 in to  b i t  posit ions 29 through 32 of t he  

control word regis ter .  
.posit ions 7 through 10 of the control word regis ter .  

The reply buses code f i e l d  i s  read i n t o  b i t  

The control word i s  now ccmplete and ready t o  be transmitted. 
contents of bufTer register 2 are re 

words f i e l d  ( b i t s  1 through 6) of t h  control  word r eg i s t e r  are read 

i n t o  t h e  word counters associ 
t h e  t y p e  2 input and output channels, 

The 
i n t o  the  operand prcg 

ra t ion  f o r  get t ing t h e  I$ words from memoryo The number o f  

ed with the  type 1 output channel 
The control word i s  re 



the control word regis ter  into buffer regis ter  2 i n  preparation 

2.3.1.1 Voting Using Internal VCS 

flow through the IOP during th i s  operation is diagr 
Figure 2-8. 

channels, the VCS, and Type 1 output channel, one t o  three Typ 

input channels and the IOP command control. 

The control word i n  buffer regis ter  2 is  transferred i n  b i t  serial 

fashion into a VCS buffer register.  The data from the other computers 
involved i n  the voting arrives over a Type 1 input channel and trans- 
ferred in to  other VCS buffer registers.  These registers are used t o  
remove small t i m e  differences i n  the a r r iva l  t i m e s  of the data. A l l  

data are fed to  the voter whose output i s  read into VCS buffer regis ter  
4. 
t o  the voter have agreed for  the f u l l  word on a b i t  by b i t  comparison 
baefs. This majority approved data are then transmitted to  the local  
processor over the Type 2 output bus. 

This operation involves the Type 2 input and output 

The contents of t h i s  regis ter  a re  valid only i f  a majority of inputs 

As the data are shifted t o  the VCS buffer registers,  the data are also 
placed i n  a comparison register.  
for  a check against the data that  are being received a t  the local pro- 
cessor. 
t o  the computer on the Type 2 input channels. 
ships the data out on the Type 1 output channel and compares the data 
with that  i n  the comparison register.  Discrepancies i n  the comparison 
are stored i n  the comparison indicator o f  the Type 2 input channel. 
This comparison continues u n t i l  the last  data word - has been compared, 

The data are held here temporarily 

A s  the local processor recefves the data, the same data returns 
The IOP receives the data, 
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1 processor can use the received data only i 

is  sent as the last word of the message. 
code is determined by the involved computers apd the r e su l t s  of 
t he i r  comparison of the da ta  received back from the lac 
cessor and the data the IOP sent t o  the VCS. 
operations generates a Go o r  No-Go code based upon their comp 
and sends tha t  code to  the VCS. 
the l o c a l  processor e 

The sending of t h i s  Ga 

Each computer i n  the 

'Fhe code i n  the  majority is  sent  t o  

The code sen t  t o  the loca l  processor is fed back to  each computer. 

Indicators are set  t o  ind ica te  whether the  IOP differed with the  
majority or not and which code wa8  received by the loca l  processor. 
The IOP w a i t s  f o r  the  arrival of the acknowledge control word fr 
the loca l  processor. A s t a t u s  word is  formed i n  the IOP based upon 

the acknowledge control word, the  Go M No-Go code sent and receive 
and a l l  other indicators generated during the message transmission. 
The status word is stored i n  memory i n  the  location f o l l  

l a s t  data word. 

With the  s t a t u s  word stored away, the IOP checks the re-tran 
( b i t  26)  of the control word reg is te r ,  
the operation is  considered completed and the IOP command 

on t o  the next operation. 

code was received over the  Type 2 input channel, the  I O 8  c 

control increments the re-transmit counter. 

the count of the re-transmit couneer and the VCS 

- 

I f  the f l a g  is a binary zero, 

I f  the f l ag  is a binary one and a No 

The next s t ep  depends upon 

If the count is less than three, the IOP co 

ched indicator and goes t o  execute the c 

d s t o r e  regise t h  
psration so the  oper 

41 



If the cmnt  i s  three and the  W S  switched indicator i s  zero set, 
t h i s  means t h a t  three attempts have been made using the  same VCS 
t o  send the data t o  the local processor. 
i s  one set t o  indicate the ne& attempts are t o  be 

secondary VCS assigned. 
repea% the operation. 

- 

The VCS switched indicator 

The IOP cammand control then returns to 

If the count i s  three and the W S  switched indicator i s  O p e  set, 
t h i s  means that  three attempts were made t o  get t he  data t o  the 

local processor using the  primary VCS assigned and th ree  attempts 
using the secondary VCS assigned with no successful attempts. 
is indicated by t h e  s ta tus  word stored amy  at the end of the last 
t r y .  

t he  other ccmpletedo 

This 

The IOP command control goes on t o  the  next operation considering 

__ 

Voting involving three computers always gives a- majority resu l t  
if the VCS i s  operating correctly. 
four computers, there are cases where majorit ies may not exis t .  

i s  detected by the voter and causes the transmitter f o r  the type 2 

output channel t o  be turned off. The local processor responds t o  
a loss of signal by resetting t o  the id le  mode terminating the 

cosmnunication. This termination results i n  the  loss of" signal on 
the type 2 input channel and a consequent loss of signal on the type 1 

output channels 

However, i n  vating with two or  
This 

. 

All computers respond t o  this  loss of signal by 

status word sa ing the output upemtion and generating 
before. Retransmission i s  tri s described earlier, 

2,3*1.2 

t r o l o  
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The control word held i n  buffer reg is te r  2 i s  sent s e r i a l l y  i n t o  

the  type 1 input c b n n e l  camparison reg is te r  and i s  sent out over 
the  type 1 output channel, 

out of buffer reg is te r  2, t h e  TOP command control accesses the 

memory and reads t h e  first data words i n t o  buffer reg is te r  1. 
When t h e  last b i t  of t h e  control word i s  shif ted out of buffer 

A s  t he  control word i s  being shifted 

reg is te r  2, t he  contents of buffer register 1 are read in to  buffer 

r eg i s t e r  2. 

continues as f o r  t h e  control  word. The word counter i s  decremented 
f o r  each 16 bits of data sent out. 
zero, t h e  IOP accesses data words f rm  memoryo 

The sh t f t ing  of the  contents of bflfer reg is te r  2 

Unti l  the word counter reaches 

The v9tir.g computer sends the data returned via  the Type 2 input 

t o  t h e  IOP over the  type 1 input channel. 
t h e  data i n  the cumparison reg is te r  and a Go o r  No-Go generated and 

sent out. The results of the comparison are stored temporarily f o r  
inclusion i n  the s ta tus  word4 

There it i s  campared with 

After receiving the acknowledge control word, the IOP generates the  
s t a tus  word and decides upon-retransmission as described i n  h ragmph  
2.3.1.1. 

unsuccessfully, t h e  IOP command control goes on t o  the next operation. 
After campletion of the  operation, e i the r  successfully or  

2.3.1.3 No Voting 

Bta flow through the IOP during t h i s  operation i s  diagrammed i n  

Figure 2-10. 
channels and the  IOP c _ _  

The operation mkes use of t he  type 2 input sand output 

I n  t h i s  operation, t h e  IOP cmnunicates d i r ec t ly  wikh t h e  local 
processor with no other computer involved, The control word i n  
buffer  reg is te r  2 i s  sent  out over t he  type 2 output channel. 

control  word i s  transmitted, t he  first 

A s  the 

a words are accessed from 
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memory in to  buffer r eg i s t e r  1. 

is  as described i n  Paragraph 2.3.1.2, 

The transmission of the data words 

When the  l a s t  data word i s  transmitted, a Go/No-Go code word is 

automatically sent out. 

control word as before over the Type 2 input channel. 
word is formed and stored i n  memory. 

The loca l  processor sends back an acknowledge 

A s t a tus  
The IOP command control goes on 

to  the next operation., 
i s  made i n  t h i s  mode. 

No re-transmission of the data messages 

2.3.2. Input Data From Local Processor 

As i n  the output data modes, a control word is accessed from memory, 

In t h i s  case, b i t s  20, 27, and 2% form the code 110. The control 

word is formed as described i n  Paragraph 2.3.1. 

Each computer has a Type 2 data bus t o  each loca l  processor t ha t  

i s  independent of the other computer- buses. 

paths fo r  transferring data from the loca l  processor t o  the computer 
system. 
received over its own bus with the data received over other com- 
puter data buses. The data are used according to  the r e su l t s  of 

t h i s  comparison. 
data received by the other buses, each computer W i l l  automatically 

send out on the Type 1 output channel any data received over the 
Type 2 input channel. 

This permits multiple 

Before any data are used, each computer compares the data 

So t ha t  a l l  computers may have copies of the 

Proper storage of these data sets requires tha t  the  operand program 
counters of the Type 1 input charnels be preset t o  the proper addresses. 

After forming the control word, the IOP command control increments 
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the  operand program counter by onee 
address f o r  the storage of the  
ccinputer. 
the storage of the other date, mess ese 

are stored depending upon the  number of b t a  mess 
desired 

This memory location holds the 
a message received by enather 

The succeeding memory locations hold other ~ d ~ ~ ~ $ ~ s  fo r  
UP t o  four (4) 

The IOP command control looks at b i t s  7 through 10 of the  control 
word regis ter ,  
corresponds t o  one computer i n  the system. A binary one i n  the  b i t  

position of t h e  f i e l d  means tha t  a data message w i l l  be received by 
tha t  cmputer represented by the b i t  position. 
scans the f i e l d  s ta r t ing  a t  b i t  7. 
memory i s  accessed, the contents read in to  the appropriate type 1 

input channel operand program counter and the IOP command contrsl  
operand program counter incremented by one. 
i s  a zero, the  IOP conrmand contra1 goes t o  the next b i t  position i n  
the f i e ld .  
f i e l d  have been checked and the type 1 input channels set up f o r  the  
operation. 

These b i t s  are the  reply buses f ie ld .  Ehch b i t  position 

The IOP collpDand control 
If t h i s  position is  a one, t he  

If the b i t  i n  the f i e l d  

This i s  repeated u n t i l  all four b i t  positions i n  the  

2,3.2.l Voting Using Internal VCS 

]Data flow through the  IOP during t h i s  operation i s  d i  

Figure 2-12,The operation makes use of t he  type 2 input and output 
channels, the type 1 output channel, the  voter-comparat 
the  IOP cmmand control and one t o  three type 1 input c 

The control word i s  sent t o  the VCS buffer registers and the  colnparison 
reg is te r  of the  type 2 input channel, 
received by the type 1 input channels and transferred t o  the VCS. 

The control words are voted upon and the m j o r i t y  resu l t  sent out 

The other control words are 
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over the type 2 output c el, The r e su l t s  of the  voting are 
us indicators. The contml  word i s  received back 

over the type 2 input channel and compared with the contents of 
the camparison register, 

the  type 1 output channel, 
The control word i s  also sent aut over 

The results of the c 
us indicat ors e 

The IOP monitors the type 2 input channel f o r  the acknowledge 
c m t r o l  words When it arr ives ,  it i s  checked f o r  proper par i ty  

d the LP address and a locations fields are compared w i t h  

the similar fields stored i n  the control word register. 
of the c a n p r i s m  are stored i n  s ta tus  indicators. 

The resu l t s  

AS are received over the type 2 input channel, the data are 
sent out over the type 1 output channel. A t  

other ccmputers over the 

'Fbe end of' the message 

of z&ro by the word counters 
A t  t h i s  point, all status 

ord t o  be stored i n  memory. 

Ly resu l t s  in a re 



2.3.2.2 Voting Using External VCS 

Ibta f l o w  through the  IOP during t h i s  operation i s  diagrammed i n  

Figure 2-1Ye 

t he  type 2 input channel, t he  type 1 output channel and one t o  
three  type 1 input channels. 

This operation makes use of t he  IOP conrmand c m t r o l ,  

The control  word i s  transmitted out over t h e  type 1 output channel 
and placed i n  t h e  comparison r eg i s t e r  o f  t he  type 1 input channel 
associated with the  computer doing t h e  voting. 

operation i s  the  same as tha t  described i n  Paragraph 2.3.2.1. 

The r e s t  aP the  

2.3.2.3 No Votips 

Data f l a w  through t h e  TOP during t h i s  operation i s  diagrammed 
i n  Figure 2-14. This operation makes use o f  the  1OP camrmand 
control  and t h e  type 2 input and output channels, 

The control  word i s  sent out over t he  type 2 output channel d i r ec t ly  
t o  t h e  loca l  processor, The acknowledge control word is  received 

over t h e  type 2 input channel and checked as i n  Paragraph 
The data are received and stored i n  memorye 

formed at t h e  end of %he message and stored i n  memory. 

2.3.2.l. . 
A s t a tus  word i s  

T!ae operation 

w i l l  not be repeated regardless of the  errors detected i n  the  message. 

203.3 Request B t a  Frau Another Computer 
- 

&ta flow through the  IOP during t h i s  operation is  

Figure 2- 15. This operation makes use of the  IOP c 

and t h e  type 1 output channelo 
~ 

The control word for t h i s  operation i s  the  computer-to-c-mputer 
(memory) type as ident i f ied  by the  binary code of ll1 i n  b i t  positions- 
20, 27-and 28. This control  word i s  made up by f i l l i n g  t h e  cmputer  
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d re turn s to re  address fields with 

ory by using the i n i t i a l  
ess f ie ld  as address. The control  word h 

esting ccmputer i n  the return address fieldl. The control  
word i s  sent out on the type 1 output c 

control goes on t o  the n 
el. The IOP c 

ion as the  response t o  this 
i c a l l y  by the type 1 input c 

Z3.4 

i s  operation i s  di 
es use of one type 1 input 

channel e 

This operation requires no stored cammarnds o r  any act ion by t h e  IOP 

ccmmmd control. 
control wordo 
posit ions 20, 27 and 28. 
control word reg is te r  i f  par i ty  checks on both halves of the control 

All information necessary i s  found i n  the  received 
The control word holds the binary code of lll i n  b i t  

The control  word i s  copied i n t o  the  channel 

word are correctc  
the channel buffer regis ter ,  the type 1 input channel i s  set up as 
f o l l w s  : 

As the first data word i s  received s e r i a l l y  i n t o  

The number of words f i e ld  ( b i t s  1 through 6) of' 
the control word register are copied i n t o  the 

or8 counters 

b e  The return s tore  address f i e l d  ( b i t s  '9 t h r  

of the control word register re copied i n t o  the? 

b i t  posit ions 

a t  ca 
be Stored into d rectly by the 

A b  the  c m t r o l  word 

type 1 input c 
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a word received on the data bus i s  checked f o r  parityD 

The word counter i s  decremented one count f o r  every 17 bi t s  

received on the bus, The p r i t y  b i t s  are tiiscarded and. the 

b i t s  assembled in to  32 b i t  words and stored i n  memorye . When the 

word c a t e r  reaches zero, a s ta tus  word i s  formed 

memory after the last data word. 
t o  the id le  mode ready for the next operation. 

The type 1 input channel goes 

2.3.5 

There are two ways t o  i n i t i a t e  a data output t o  another computer 
operatian. 

other way i s  t o  receive a control word  requesting data over the  

type 1 input channel. 

One way i s  t o  fe tch  a control word from memory and the 

2.3e5.1 

13ata flow through the IOP f o r  the operation i s  diagrammed i n  Figure 2-47. 

This operation makes use of t he  IOP c 
put channel and one type 1 input channel, 

control, the type 1 out- 

The operation starts when the  type 1 input channel receives a control 

word containing t h e  binary code Oll i n  b i t  positions 20, 27 and 28, 
The input channel places the  control word i n  i t s  control won3 
register and seta  the  type 1 input channel interrupt  true.  

The POP c d control ne8 the type 1 input c e l  in te r rupts  

er the campletion of? ione If one i s  found t o  be true, 
c m t r o l  proceeds t o  
type 1 input c 

B i t s  1 t h r  6 i n t o  bits 1 through 6 D 
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be 
C e  

B i t s  13 through 16 in to  b i t s  29 through 32 (Return address). 
B i t s  7 through I 2  i n t o  b i t s  21 through 26 (Return s tore  
address) 

In addition, other b i t s  of buffer r eg i s t e r  2 are s e t  as follows: 

a@ 
be  

B i t s  20, 27, and 28 t o  binary ones. 

B i t s  7 through 16 t o  binary zeroes. 

This cmplet,es the formation of t he  control  word t o  lead t h e  data 

message t o  be sent. 

The IOP cammand control a l s o  reads from the  channel control word 
regis ter :  

The number of words f i e l d  i n t o  the word counters 
b. The memory address f ie ld  in to  t h e  least s ignif icant  

b i t  posit ions of the operand program counter. 

The IOP camand control sets the  type 1 input channel interrupt  
freeing the input channel f o r  fur ther  operations. The control word 
i n  buffer register 2 i s  sent out over t h e  type 1 output channel and 

the first data, word accessed from memory. 
I 

As each data word i s  transmitted out, t h e  next data word i s  read 

from memory so there  i s  no break i n  t h e  transmission. 
i s  added for each 16 bi t s  of data transmitted. When the  word counter 
reaches zero, the crperation i s  considered completed. 

A pa r i ty  b i t  

2,3,5*2 

8 flaw-through the  IOP f o r  t h i s  operation i s  d i  
Figure 2-18. This operation mkes use of the  IOP 
and the type 1 output channel. 

ion begins when c m t r o l  word having the  code O l l  i n  

b i t  posit ions 20, 27 and 28 i s  re d from memory i n t o  the  c m t r o l  word 
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reg is te r  of the  IOP c 
by f i l l i n g  the caslrputer address and memory address f i e l d s  with 

accessed fran memory by using t h e  i n i t i a l  value of t h e  colnputer 

d control, The control word i s  modified 

address f i e ld  as a memory address. The control word i s  read frm 
the  control word reg is te r  i n t o  buffer reg is te r  2 and b i t  posit ion 
20 of the b m e r  r eg i s t e r  i s  set t o  a binary one. 

words f i e l d  of the  coartroh word reg is te r  i s  read i n t o  the  word 
counter. The contents of the  memory location following that 
location holding t h e  control  word are read i n t o  the operand program 
counter as the address of the  first data word i n  memory. 

The number of 

The rest 
of t he  operation i s  the  same as t ha t  described i n  Paragraph 2.3.5.1. 

2.3.6 

Data flow through the  IOP during t h i s  operation i s  diagrammed i n  
Figure 2-19= This operation makes use of the  IOP carrmsbnd control 

and the type 1 output channel. 

The operation begins when the  control word read from memory i n t o  the 

control word reg is te r  contains the binary code 0001 i n  b i t  posit ions 
25 through 28. 
i n t o  the  least s ignif icant  b i t  posit ions of the  operand program 

counter and the memory location with t h i s  address read out. 
posit ions 5 through 16 of the control word reg is te r  are f i l l e d  with 
t h i s  data. 
i n t o  the matrices of the  other cauputers. 

The data address f ie ld  of t he  control word i s  read 

B i t  

These b i t s  now represent t h e  data that are t o  be set 

The contents of t he  control word register are read i n t o  buffer 

reg is te r  2 and then sent out on the type 1 output channel. 
transmission of t he  last par i ty  b i t  cmpletes  the operation. 

The 

2e3e7 Set Own Matrices According t o  lkta Fran Another Computer 

Data f l m  through the IOP during t h i s  operation i s  diagrammed i n  
Figure 2-20. 

and one type 1 input channel. 

!Phis operation mkes use of the  IOP coamnand control . 
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The operation i s  s ta r ted  when the type 1 input channel receives 

a control  word containing the binary code 0001 i n  b i t  posit ions 

25 through 28, 

determine which matrix or  matrices are t o  be seto The 
b i t  posit ion 5 through 16 are t ransferred t o  the appropriate 

matrices as specified by b i t s  23 and 24. 
returns t o  the id le  mode cmpleting t h e  operation. 

B i t  posit ions 23 and 24 are investigated t o  

The type 1 input channel 

2.3.8 

Data f l o w  through the IOP during Chis operation i s  diagrammed i n  
Figure 2-21. "his operation involves the IOP connnsnd control, the 

type 1 output channel and one type 1 input channel. 

The operation starts when a control word containing the binary 
code 1001 i n  b i t s  25 through 28 i s  read from memory i n t o  th-e 

control word register of' t h e  1OP camPsnd control. 
address f i e ld  i s  set up as before and the control word sent out over 
the  type 1 output channel. 
counter t o  34, 
of 1 megahertz. 
control monitors the type 1 input channel interrupts.  

Interrupt i s  set true, the IOP camnand control c 
26 of t he  channel control word r eg i s t e r  with b i t  

POP c d c m t r o l  word register. If they match, the IOP c d 

control resets the word cmnter  and g z s  on t o  the next qe ra t ion .  

The canputer 

The 1OP command control sets the word 
The w o r d  counter i s  counted down at the logic clock rate 

During t h i s  34 microsecond period, the IOP c d 

When the correct 

res b i t s  21 through 
hraugh 12 of the 

If the twa fields da not match, the  IOP camand c m t r 3 1  resumes 

the r igh t  c m t r o l  ward i s  received, the IOP forms 8~ s ta tus  wo 
indicating the failure tcJ receive the requested data and stmes it 

onitoring the interruptso If the ward cmnter  reaches zero befare 

way i n  memory. The IOP c d e m t r o l  g x s  m t a  the next Qpe 



trices a8 Requ 

th%a Operation is d%a 
akes use of the I 

pe 1 output ch 1, and one t o  three Wpe l i 

e operation starts wh 

comand control samples 

operation and, upon fi 
t o  determine the type 0% operati 

The IOP command control then reads the r 
i n to  bits 23. through 26 of b 

the channel control w 
r eg i s t e r  of the IOP c 

and 28 are set t o  oneso If b i t s  23 and 
are set  t o  zeroes, then bits 

~ e ~ i s t e ~  are re 
and c~nt1-03. word 

are set t o  000011 respectively. 
causes 000001 t o  be set  i t o  b i t  pos i t io  

These bits are the number of words f i e l d  

if only one matrix i 

Any other coda i n  bite 

o be sampled or t o  a value of three if all 

ess field (bits 29 hrough 32) i5 
cordtng t o  which computers requested t h  

each Type 1 inp 
the bit posit%orae 2 

egister are tested f o r  the code 1 
ceca i n  the co ea 

computer, If the code is not t h  
the @,ddKaSS f i d . d ,  

2-61 





t he  type 1 input ckleannels. The c m t r o l  ward i s  n m  ccarrplete 
nsferred t o  buffer r eg i s t e r  2. 

The c m t r o l  word i s  transmitted aut mer the  type 1 output 
channele After the  first half  of t he  control word i s  t 
e i the r  t he  R or specif ie  

buffer reg is te r  2. The 
be sampled. If only one i x  was t o  be s 

ends af'ter the  data are transmitted f r  

d i n t a  the  lme 
r ix  i s  read i n  if a l l  mat  

buffer reg is te r  2. If a l l  
matrices are t o  be sampled, t he  P and S 

buffer reg is te r  1. 

bath buffer r eg i s t e r  1 and 2 are transmitted. 

re copfed i n t o  

The operation i s  complete when a l l  t h e  

2.3.10 Master Sync Operation 

The master sync operation i s  s ta r ted  when t h e  TOP executes the  
h a l t  and proceed cammand with the f set true. The 
control ler  (W) mode control goes f rm the  i d l e  mode  t a  a mode 

waiting f o r  t he  a r r i v a l  of' t h e  first master sync c m t r o l  wordD 
The execution of the  flagged c-nd causes the  IOP c m t r a l  t o  
i d l e  u n t i l  the  real time caunter reaches a count aP 72. 
point, t he  IOP accesses a dedicated memory location f o r  t he  
sync control word. This contra1 word i s  sent t a  a l l  c 

t he  type 1 ou%put channel. 

A t  t h i s  

The start select  f l i p  flop i n  the  IOP 
nd control i s  set so  the  next IOP prog 

when the  cycle start d iscre te  aP t h e  

the  real time counter interrupt  g x s  truee 

The control word i s  received by t he  ty-p 
computer and b i t  posit ions 26, 27 and 28 

ry code 101, the  t 
1 discre te  true. The 
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I n  the MSC, the channel arrival d iscre te  sets a channel a r r i v a l  
f l i p  flop. 

(counter 1) is read i n t o  an a r r i v a l  t i m e  register. 
t i m e ,  bi ts  13 through 16 of the  channel buffer r eg i s t e r  are copied i n t o  
the master sync word address regis ter .  
released f a?  other useso 

type 1 input channel. 
master sync control w o r d  received by the cmputer before the 

campletes the master sync operation. 

A t  the  next clock time, the s t a t e  of a binary counter 

A t  the sme 

The type 1 input channel i s  

The MSC has one set of registers f o r  each 
The above prxedure i s  repeated f o r  each 

The first master sync cmt ro lword  that a r r ives  causes the s t a r t  

counter 1 f l i p  flop t o  be set. 
control  word has arr ived and starts the timing of t he  intervals  

between the various cant ro l  ward a r r iva ls .  

timing by counting a t  the logic  clock rate of' me megahertze 

start counter 1 f l i p  flop being set enables the ne& channel a r r i v a l  
discrete  t o  set the start counter 2 f l i p  flop. 
counting at  logic clock rate overflows after eight c a n t s  (eight 

microsecmds) setting the start cycle f l i p  flw, One clock t i m e  
later, the cycle start f l i p  f l o p  is  reset. The output & the cycle 

start f l i p  f l o p  appears as a discre te  that g z s  true fw  me snicm- 
secmd that i s  used t o  i n i t i a l i z e  and s t a r t  the real t3me cmnter .  

This s tores  the f a c t  that one 

Counter 1 provides this  

The 

C m t e r  2 a l s o  



2.4 Real Time Counter 

The Real Time Counter i s  used t o  define a reference t i m e  p e r i d  for 
t h e  cmputer. The counter i s  set t o  a known value and counted d m  

t:, zero a t  a f ixed  rate. When the  counter reaches zero, the IOP 
and the  Central Processing Unit (CPU)  are not i f ied by a pulse d iscre te  

from the  cmnter .  Th.e counter i s  reset and the  operation i s  repeated. 

The RTC i s  a programmable counter f i f t e e n  b i t s  long. The counter i s  

decremented a t  t h e  cmputer basic logic clock rate of one megahertz. 
This r e su l t s  i n  a maximum timing period of 32,768 microseconds. The 

counter constant i s  s t x e d  i n  a dedicated memory location t o  enable 
recwery  f rm a power t rans ien t .  

When t h e  camputer i s  i n i t i a l l y  turned on or  recovers from a power 

t rans ien t ,  t he  IOP reads the  contents of t h e  dedicated memory location 
i n t o  a reset value s to re  r eg i s t e r  (RVSR). 

t he  RVSR contents are automatically read i n t o  the  KCC. 

decremented a t  clock rate. 
a d iscre te  pulse s igna l  t o  the  SOP and t h e  CPU. 

RVSR are read i n t 3  the  counter and the  operation repeated. 

When the  RVSR i s  loaded, 

The RTC i s  now 

Upon reaching a zero c m t ,  t h e  RTC i s sues  
The contents of t h e  

To maintain synchronism between the cmputers i n  t h e  cmplex, periodically 
t h e  individual real  t i m e  counters must be reset according t o  a master 
s ignal .  This operation i s  cal led the  master sync operation. 
master sync operation i s  performed, t h e  T(TC i s  f i l l e d  with the  contents 

of the  RVSR and t h e  timing s t a r t ed  a t  t h a t  point. 

When the  
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2.5 Built-In Tes t  EQuipment Counter 

The BITE cmnte r  i s  used t o  detect  faults i n  e i t h e r  t he  cmputer  

hardware or s&tware during operation. 

value and counted dawn t o  zero a t  sane rate. If the  cmnte r  reaches 
zero, an interrupt  i s  issued indicating t h a t  the  cauputer has mal- 
functioned. 
SOP and the CPU program work t x e t h e r  t o  reset the  counter before it 
reaches zero. 

The cmnte r  i s  s e t  t o  a set 

The counter i s  prevented frm reaching zero by having the  

The BITE counter is  a programmable counter f i f t e e n  b i t s  long. 
counter i s  decremented a t  the  basic c q u t e r  logic c l x k  rate of one 
megahertz. This r e s u l t s  i n  a maximum period of 32,768 microseconds. 
The counter constant i s  determined by t h e  cmten t s  of a dedicated 

locat ion i n  memory. 

The 

The BITE counter i s  i n i t i a l l y  loaded and s t a r t ed  af'ter app l i ca t im  d 
power t o  t h e  carputer by the  I O P  accessing memory and transferring the  

contents of' t h a t  location i n t a  t he  counter. The counter i s  c m t e d  down 
u n t i l  it reaches a c m t  of 1024. 

request d i scre te  i s  set true. 
camand, the  IOP samples the  BITE counter load request discrete.  
d i scre te  is false, t h e  IOP continues on t o  t he  next ccrmpand, 
d i sc re t e  i s  true, the  IOP w i l l  access the memory f a r  the constant 

load the  contents of t he  location accessed i n t a  buffer  register 1. 

B c h  t i m e  the  IOP reads t h i s  rnnernary Locatim, zeroes are writ ten int:, 

t h e  location. 

A t  t h i s  point, the BITE c m t e r  load 

After ccmpleting the executian of every 
If the 

If the  

This i s  dcme t o  force t h e  CFU p r  t a  w r i t e  i n t 3  the  
ore the ne& counter 1 or t h e  c=runles 

set correctly. The load counter discrete is set tme 
causing t h e  cmten t s  of b 

countere 
er r e g i s t e r  1 t o  be read i n t o  the  

The BITE counter load reguest discrete is set false. The 

ts- 



T'eriodicrlly durinq systen operation, the IOP programs of the computers 

murt be synchronized t o  have proper operation during the c r i t i c a l  mode. The 

CnTT p m p m  s h a l l  determine when t h i s  master sync operation w i l l  occur. 

"he master sync operation i s  s ta r ted  when the  IOP executes the  h a l t  

and moceed command w i t h  the f1.m s e t  t rue.  The master sync controller (MSC) 

mode control Roes from the i d l ?  mode t o  a mode waiting for the  a r r iva l  of the 

f i r s t  master sync control. word. The execution of the flsgqed command causes 

t h e  IF)? control t o  i d l e  u n t i l  the  r e a l  time counter reaches a count of 72. 

A t  t h i s  poivt,, t \e  TOn Accesses a dedi?ated memry location for  t he  master 

s?nc  control word. This control w m d  i s  sent t o  a l l  computers over the type 1 

oritput channel I) 

The control -$or3 i s  received by the type 1 input channel of the computer 

and h i t  posit ions ?G9 27 and 28 are  investigated. 

cod? 10.1., the tyw .1 inout channel s e t s  i t s  channel a r r iva l  discrete  true.  

The control word i s  held i n  the channel. buffer reg is te r  so tha t  the MSC can 

rea3 the  return address code. 

Tf these bi ts  form the binary 

I n  t h e  MSC, the channel a r r iva l  discrete  s e t s  a channel a r r iva l  f l i p  

A t  %he next clock t i m e  the s t a t e  of R binary counter (counter 1) i s  read flop, 

i n t o  m w r i v a l  time repis ter .  

chennel hnffer reg is te r  are copied in to  the master sync word address regis ter .  

'k? type 1 input, ehannpl is released for  other uses. The MSC has one set of 

r w i d x r z  for  each type 1 input ch<umel The above procedure i s  repeated fo r  

A t  the  same time, b i t s  13 through 16 of the  
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each master sync control word received by the computer before the MSC cm-  

ple tes  the master sync operation. 

The master sync operation is  based upon the follcrwf 

The r e a l  time counter of the computer w i l l  be set t o  

lue eight microseconds a f t e r  the second 

master sync control word a t  the computer. 

The first master sync control word that arr ives  causes the s t a r t  counter 

1 f l i p  flop t o  be se t .  

arrived and starts the timing of the intervals  between the various contyol 

word arr ivals .  

clock r a t e  of one megahertz. 

enables the  next channel a r r iva l  discrete  t o  s e t  the s t a r t  counter 2 

f l i p  flop. 

eight counts (eight microseconds) setting, the start cycle f l i p  flop. 

One clock time l a t e r  the cycle s t  The output 

of the cycle start f l i p  f lop appe 

one microsecond tha t  i s  used t o  i ze and s t a r t  the r e a l  t i m e  comtxr ,  

This stores  t h e  fact t h a t  one control word has 

Counter 1 provides this timing by counting at the  logic 

The s t a r t  counter 1 f l i p  f lop being set 

Counter 2 also counting at logic  clock r a t e  overflows a f t e r  

p f lop is reset .  

a discre te  t ha t  goes t rue  for 

As (t f a u l t  isolation for  the foup. 



Further fault isolation aid is given by the states o f  the all-received 
and not-all-received flip flops. 

correct number of control words were received during the eight microseconds 
after the arrival of the second control word. A mask register is provided 
to mask out any computer that has malfunctioned to eliminate faulty master 
sync operations. 

These indicators tell whether OT not the 

The master sync control was designed to detect a failed computer that has 
drifted too far out of sync and also to continue operating correctly if a 
computer has drifted out of tolerance, but cannot be isolated. This situa- 
tion can happen quite ea'sily, e.g., if the tolerance is At, then as long as 
all sync words arrive within At, everything'is functioning properly. How- 
ever, if the words arrive within 2 At9 it can be deduced that a failure has 
occurred, but unless one computer is more than At out of sync with each of 
the other computers, the failure cannot be isolated. 
failure isolation resul-ts since no absolute timing reference is available. 
To prevent using a failed computer as the synchronizing source, the synchron- 
ization occurs on the basis of the second received master sync word. 

This difficulty in 
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350 DUGRAMS OF MEC TIOPY 

The following block diagrams i l l u s t  ,e t h e  major elements neede f o r  

t a b l e  l i s t i n g  these  elements 

required t o  mechanize each e 
of times t h e  subsystem i s  

proper functioning 0% t h e  IOP. Associated with each di is 8 

iving the  number of b i t s  ( f l i p  f lops)  
a The t ab le s  a l so  give t h e  numBer 

(One Set Required Per Computer) 

Function 

1. Reset Value Store Register 
2. Real Time Counter 
3. Real Time Counter Interrupt 
4 a  BITE Counter 

5. 
6 ,  Caquter No Go Discrete 
7. Mode Control 

BITE Counter Load Request Discrete 

B i t s  

15 
15 
1 
16 

- 

1 
1 
4 
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RVSR FI 
DISCRETE I 

BITE COTJNTFA 
MITIAL VALUE 

ITE COUNTER 
OAD REQUEST 
ISCRETE 

c m m  NO 00 
DISCRETE 
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TAELE 3-2 

1. 
2, 

3. 
4. 
5 .  
6. 
7. 

9. 
10. 

a. 

S 

(One Set R q u i r e t 3  Per Camputer) 

Function 
Counter 1 

Counter 2 

Start Counter 1 

Star t  Counter 2 

AU. Received Indicator 
N o t  All Received Indicator 
S tar t  Cycle Discrete 
Mask Register 
Mode Control 
Input Channel (4  required per Master Sync 
Controller) 

a. 
be Arrival Time Register 
C. Channel A r r i v a l  Indicator 

Msster Sync Word Address Register 

B i t e  
4 
3 

q_( 

1 
1 
1 
1 
1 
4 
5 

4 
4 
1 
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BL 

so 

E 
E 

e 
PIC 

1 ADDRESS 

TTME 

MASK DATA 

MODE 
C m O L  



TABLE 3-3 

TYPE I INPUT C S 

(Four Sets Required Per Camputer) 

Function 

B i t  Counter 
Word Counter 
Operand Program Counter 
Channel BWfer Register 
Parity Check A 
Parity Check B 

Par i ty  Error Indicator 
Channel Control Word Register 
Type 1 Input Channel Interrupt 
Input Buf fe r  Register 
Memory Write Discrete 
Compari s on Register 
Camparison Indicator 
Comparison Counter 
Channel Arrival Discrete 
Operation Camplete Discrete 
Mode Control 

B i t s  

6 
6 

16 
34 

____c 

1 
1 
1 

34 
1 

32 
1 

80 
2 

3 
1 
1 

7 
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18 
2. 

3. 
4. 
5. 
6 .  
70 
a. 

9. 

TYPE 2 INHlT CHANNEL ELESIENTS 

(One Set Required Per Computer) 

Function 

B i t  Counter 
Parity Check 
Canparison Register 
Word Counter 

B i t s  - 
6 
1 
80 

6 
Signal Detector 1 

Coarparison Indicator 1 

Type 2 Input Channel Operation Complete 
Indicator 
Mode Control (Including Parity Error 
Indicator) 

Type 2 Input Channel Operating Indicator 1 

1 

7 
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TABLE 3-5 

TYPE l AND 2 OUTPUT C-S AND IOP C S 

(One Set Required Per Coanputer) 

1, 

2. 

3. 
4. 
5. 
6, 
7. 
0. 
9. 
10 0 

ll. 
12 0 

13 0 

14 e 

15 e 

16 
17 e 

18 e 

19 e 

20 * 
21 * 
22 e 

23 0 

24 
25 
26 a 

27 0 

20 

29 0 

30 

B i t s  Function _I_ 

nd Program Counter 16 
Operand Program Counter 16 
Reset Value Store Register Loaded Indicator 1 

CCmnnena Store Register 32 
Interrupt Counter 2 

Ruffer Register 1 32 
Buffer Register 2 32 
Word Counter 6 
B i t  Counter 6 
Parity Generator 1 

R Matrix 16 
P Matrix 16 
s Matrix 16 
Cr i t ica l  Indicator 1 

Control Word Reg i 8 t er 32 
VCS Switched Indicator 1 

Input/Output Indicat o r  1 

Retransmi s s i  on Indicator 1 

Retransmit Counter 2 
Acknowledge Word Store 16 
Acknowledge Word Error  Indicator 1 

Acknowledge Word Indicator 2 
Overflow Indicator 1 

BITE Counter Filled Indicator 1 

Sync Error Indicator 1 

Real Time Counter Error Indicator 1 

Start Select Indicator 1 

ster Sync L a t e  Indicator 1 

Own VCS Indicator 1 

Mode Control 9 
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TABLE 3-4 

VOTER-COMPARATOR-SWITCH EC S 

1. 
2. 

30 
4. 
59 
6. 
7. 
8. 
9. 

10 e 

ll. 

12. 

( h e  Set Required Per C 

Function 

VCS Advance Register Discrete 
VCS B i t  Counter 
V o t e r  

VCS Buffer Register 4 
Agree/Disagree Indicator 
Transmitter On/Off Indicator 
Voter Error Indicators 
I/O Store 
VCS Word Counter 
VCS Operation Complete Discrete 
Mode Control A 

VCS Input Channel (4 required per VCS) 

a. VCS Buffer Register 1 

be VCS Buffer Register 2 

c. VCS Buffer Register 3 
d. 
e. 

f .  

g. Mode Control B 

VCS Buffer Register 1 Indicator 
VCS Buffer Register 2 Indicator 
VCS Buffer Register 3 Indicator 

B i t s  

1 

5 
1 

17 
1 

1 

5 
1 

6 
1 

5 

_I_ 

17 
17 
17 
1 

1 

1 

4 
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A l ink  between c i rcu i t  ion description and t h e  actual 
elements i s  the operati l o w  chart. I n  t h i s  chart, the 

are broken dawn i n t o  the lowest element of ctians performed during 

ch clock time. By doiw this ,  one can determine the c i rcu i t  elements 
required, t he  relationships of these elements during ope 
t i m e  t o  perform the operation. 

The operations t o  be performed by the IOP have been described i n  
Section 2. 
s h m  by means of the f l o w  charts, 
i s  the separating out of the  independent functional areas of the  IOP. 
These were found t o  be: 

I n  t h i s  section, the details of these operations are 
A by-product of flow charting 

1. 
2. 

3. 
4. 
5. 
6. 

7. 
a. 

Real Time Counter 
BITE Counter 
Master Sync Controller 
Type 1 Input Channel 
Type 2 Input Channel 
Type 1 and Type 2 Output Channels and IOP Command 
Control 
VCS Input Channel 
,VCS Voter and Output Channel 

These areas are not cmpletely independent of each other but require 
a small mount of information from the  other parts t o  carry out t he i r  

own operations. 
the  functional areas and show the  amount and timing of the interplay. 

The f l o w  charts a l so  point out t h i s  interplay between 

4*1 General 

The flow charts are organized t o  show the clock t i m e  by clock t i m e  opera- 
tions. All capabili t ies of each functional area are shown i n  the charts. 
I n  reading the  charts, one should make reference t o  the block d i  

of the IQP and t h e  command and control word descriptions given i n  sections 
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s t he  state crde the 

i p l e  tlme perids are spent fn 8 box. 
r een te r ing  the  bm. The following 

A 

B 

edge True 

C 

D 

The c i r cu i t  enters Box A, incz-ments the  cmnter  an6 

hs deternrulned by the  state of the  counter at the  exit 
t i m e .  If the  condition tha t  the counter does not equal 5 exists, the  
c i r cu i t  re-enters Box A. 

i s  mets the  c i rcu i t  enters Box B, 
of Box B but w i l l  not e x i t  until t h e  c a d i t i o n  is m e t  the  t i m e  tha t  
the  clock signal tallows the  c i r cu i t  t o  c 
and D, there  i s  only one path and ssith n 

Once the condition of the counter equals f ive  
"he c i r cu i t  w i l l  perPonu the  actions 

e state, Between boxes C 

gend, t h i s  indicates 
the  c l r cu i t  w f l l  exit Box C and enter BOX D eat  the  next time 

the  clock signal permits, 
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